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JIABOPATOPHAA PABOTA M-1m
OBPABOTKA PE3YJbTATOB U3MEPEHUI
HA ITPUMEPE MATEMATHYECKOI'O MAATHHUKA

1. Uenb pabomsi

N3yuenue cnoco6oB 00pabOTKU pe3yabTaTOB U3MEPEHHUM U pacyeTa MorpenrHo-
CTEH M3MEPEHUIl Ha MpHUMEpPEe MAaTEMaTUYECKOrO0 MasTHUKA. DTH 3HAHUS HCIOJb3Y-
IOTCSI B HAYYHBIX UCCIIEA0OBAHMIX U NHKEHEPHO-TEXHUYECKUX pa3pabOTKax.

2. [lodzomoeka k pabome

N3yunte M 3aKOHCIEKTUPYUTE TEOPETHUUECKUN MaTepuall, U3J0KECHHBIA B Cle-
OYIOLIEM pa3lielie HACTOAILIEr0 METOIUYECKOTO PYKOBOJACTBA. YSICHHUTE IIOHATHS:
JKCIIEPUMEHTAIILHOE UCCIIEA0BAaHUE, SKCIIEpUMEHTAIbHAs YCTAHOBKA, METO U3Mepe-
HUS, IPSMbIE U KOCBEHHBIE U3MEPEHUs1, A0COTIOTHAS U OTHOCUTENbHAS TOTPEIIHOCTH
u3Mepenus. M3yuute crnocoObl oOpabOTKM pe3yibTaTOB M3MEPEHH. 3anuIluTe B
KOHCIIEKT M 3allOMHHUTE METO]I pacyeTa abCONIOTHOM M OTHOCUTEJILHOM MOrpeliHo-
CTeH, crnocoObl pacyeTa CIIy4alHbIX MOTPEUIHOCTEN U MOIPEUIHOCTENH KOCBEHHBIX U3-
MepeHUi (pU3ndecKux BeaU4uH. M3ydunTe yCTpOHCTBO MaTeMaTHYECKOTrO MasiTHHKA,
ysCHUTE (PU3HYECKUE MMAPAMETPhI, ONPEEISAIOIIME €ro MOBEACHHE, U PYHKIUOHAIb-
HBIE CBSA3U MEKy HUMH. [[0ArOTOBBTE OTBETHI HA BOIIPOCHI K JAOITYCKY.

3. Kpamkasi meopus

3.1. O6mue cBeaeHus

UYenosek B mporecce CBOEH MPAKTUUECKON AEATEIBHOCTA BCTYNAET BO B3aUMO-
NEUCTBUE C MPUPOJIOH, HAOII01as 32 SABJICHUSIMU B €CTECTBEHHBIX YCIOBUAX, MOJIyYa-
eT obuiee npeacTaBieHue 00 okpyxatouieM mupe. MccnegoBarens ke, HEOJHOKpAT-
HO HaOJ0/1as1 SABJICHHUE, CONOCTABIISIET MOJIYYEHHbBIE PE3YJbTAaThl U paHEE W3BECTHHIE
(dakTbl, 00001IaeT UX, MBITAETCS HAUTH MOBTOPSAIOIIMECS NPU3HAKK SIBJICHUS, BbIe-
JTUTh TiaBHble (akTopsl. Co3gaeTcss rMIoTe3a, Mo BO3MOKHOCTH YCTaHABIMBAKOTCS
KA4€CTBEHHBIE COOTHOILIECHMUS.

Jlis mpoBepKH THUIOTE3bl HEOOXOAMMa MOCTaHOBKa OmbITa. Pu3nka — Hayka
«onbITHas». OU3NUECKUM ONBITOM Ha3bIBAETCS BOCIPOU3BEIECHUE SIBJIICHUS B HCKYC-
CTBEHHBIX ycioBHsX. MccienoBaTenb MOXKET UCKIIOUUTH BIMSIHUE BTOPOCTENEHHBIX
¢dakTopoB Ha siBieHHE. Eciu OmbIT MOATBEPKIaeT MPaBHIIBHOCTh BBICKA3aHHOM T'H-
MOTE3bI, 3Ta TUIIOTE3a CTAHOBUTCS (hM3HUECKOM TeopHuei.

JInst mpoBeieHUsT HKCIIEPUMEHTAIBHBIX UCCIEI0BaHUN B (DU3UKE U TEXHUKE U C-
MOJIb3YIOT IKCHEPHUMEHTAJbHbIE YCTAHOBKH, KOTOPbIE MPEACTaBIAIOT COOONH KOM-
IJIEKC TEXHUYECKOrO0 M HM3MEPUTENIbHOrO O0OpYAOBaHUS I MHOTOKPATHOIO BOC-
MPOU3BEJICHUS U3YYaEMOTO SIBJICHUS WJTU TIPOLIECCa B KOHTPOJIUPYEMbIX YCIOBUSX.

COBOKYITHOCTh M TOCJIEIOBATENbHOCTh JEUCTBUM, KOTOpPHIE BBIMOIHSIOTCA B
IPOLIECCE IKCIIEPUMEHTAIILHOTO MCCIIEIOBAHNS HAa YCTAaHOBKE, HA3bIBAIOT METOJ0M
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u3MepeHus. UncieHHble 3HAYCHHsI PETUCTPUPYEMBIX MO BBHIOpAaHHOMY MeTOoay (u-
3UYECKUX BEJIMYHH, BBIPAXKCHHBIC B CTAHAAPTHBIX €IMHUIAX W3MEPEHMS, HA3bIBAOT
pe3yJbTaTaMu u3MepeHus. Pe3ynbTaTsl U3MepeHUs OOBIUHO 3allMCHIBAIOT B CHEIU-
aJIbHBIE TAOIUILIBI.

IIpsiMble M3MEpPEHUsi — 3TO TAKUE U3MEPEHUS, IPU KOTOPBIX MOXKHO Cpa3y IO-
JYYNUTh YHCIECHHOE 3HAYCHUE W3MEPSEMON BEIMYMHBI, CPABHUBAs €r0 C JTAJIOHOM
(1IMHBI, Macchl, BPEMEHN), JTUOO C MOMOUIBIO PUOOPOB, I'PAaAYUPOBAHHBIX B €UHU-
1ax M3MEpsieMOI BEJIMYMHBI (TeMIlepaTypa, CHja Toka U T.n.). Ha mpaktuke numib
HEOOJIbIIOE YKCIO (PU3MUECKUX BEIHMUYMH MOXKET OBITh U3MEPEHO HETMOCPEICTBEHHO,
HO OHU CBSA3aHbl HEKOTOPBIMH KOJIWYECTBEHHBIMU COOTHOLICHUSIMHU C JPYTMMH BEJIH-
YHHAMH U BXOJAT B GOPMYJIbI — MAaTEMATUYECKUE 3aMTUCH PUBNIECKUX 3aKOHOB.

[Ipn KOCBEHHBIX WU3MEPEHUIX UCKOMYIO BEJIMYMHY HEIOCPEIACTBEHHO HE M3MeE-
PAIOT, a PAaCCYMTHIBAIOT MO HM3BECTHON (DYHKIMOHAJIBHON 3aBUCUMOCTH OT JAPYTHUX
y’K€ UMEIOUINXCA B PacOpsLKEHUN (PU3MUECKUX BEIMYUH (TIOTy4YE€HHBIX, HAalpUMED,
IIPU NPSAMBIX U3MEPEHUSIX, U3 CIPABOYHUKOB U IPYTUX HCTOYHUKOB).

3.2. [lorpemiHOCTH U3MeEpPeHUM

B Xo7¢ BBITIOJTHEHHSI DKCIIEPUMEHTA BCE U3MEPEHUS TIPOJIETBIBAIOTCS C TIOTPETII-
HOCTBIO, B OOIIIEM ClTydae HEM3BECTHOM (CKa3bIBACTCS OTpaHWYEHHAs TOYHOCTH W3-
MEPUTENBHBIX TMPUOOPOB, HECOBEPIIICHCTBO OPraHOB UYBCTB, HEIOCTATOYHOCThH Ha-
IIMX 3HaHUH). Pe3yabTaThl H3MEPEHUH JAlOT HaM HE TOYHYIO, a MPHOIMKCHHYIO Be-
JUYUHY U3y4aeMoro napamerpa. Mexay UCTHHHBIM €ro 3HauyeHUueM (KOTOpoe OObIu-
HO HEHM3BECTHO) M JKCIEPUMEHTAIBHBIM PE3yJbTaTOM BCEI/Ia €CThb HEKOTOpasl pas-
HOCTbh, Ha3bIBaeMas OIMOKOM (MTOTPENTHOCTHIO) H3MEPEHUSI.

AOCOJITHOM NMOrPelIHOCTBLIO (OIMOKOM) n3MepeHust Axj Ha3bIBAIOT MOAYJIh
Pa3HOCTH MKy M3MEPEHHBIM X; W UCTHHHBIM X 3HAYCHUSMHU (U3UYCCKON BEIH-
YHMHBIL:

AX =% — X]|. (1)
Opnnako, ucTuHHOE 3HaueHue X OOBIYHO HEW3BECTHO, TOPTOMY BBIYHUCIUTH MOTPEII-
HOCTh 1O (1) Henmb3s. [lorpenHOCTh MPUXOAUTCS OLIEHUBATH, MPUBJIEKAs JOTOIHU-
TEJIbHYI0 MH(POPMAIIHUIO (0 TOYHOCTH U3MEPUTENIBHBIX MPUOOPOB, pa3dpoce IKCIepu-
MEHTAJIbHBIX JaHHBIX, METOJUKE M3MEPEHHUsS U JIp.). B pe3ynbTaTe mosyyacMm He Be-
mmunHy  Axj, a ee mpuOmmkeHHoe 3HadueHne Ax (momaras Ax = Ax;). Tunuunas
dbopma npeacTaBiIecHUS Pe3ysibTaTa N3MEPCHUS:
X =X £ AX
03HAYaeT, YTO UCTUHHOE 3HAYCHHE C JOCTATOYHO BBICOKOH BEPOSTHOCTBIO JICKHUT B
HWHTEpBaJe:
X —AX< X <X +AX.

OTHOCHMTEJILHON MOTPENIHOCTbI) M3MEPCHHsI HA3bIBACTCS OTHOIICHHE a0co-
JIOTHOHM TMOTPEITHOCTH K UCTUHHOMY 3HAYEHUIO U3MEPSICMOW BEITUYUHBI (37€Ch MBI
noyiaraeM X =xj U Ax; = Ax):

AX  AX
~—. (2)



OTHOCHUTENBHYIO IOIPEITHOCTh MOKHO BBIPA3UTh TAKXKE B IPOLIEHTAX.

[To xapakTepy HpOsIBIEHUS NOTPEIIHOCTU MOAPA3ACISIIOT HA CUCTEMATUYECKUE
U ClTydaliHbIE, @ TAK)KE rPyOble MOrPEIIHOCTH — IPOMaXH.

I'pyOble mpoMaxy U OIIHMOKM CBs3aHbl OOBIYHO C HEBEPHBIMU OTCUETAMH WJIU
HEBEPHBIMU 3alMCSIMM [TOKa3aHUN MpUOOPOB, 3arpsi3HEHUEM 00paslia, maJeHueM Ha-
IpsUKEHUS. B MUTAIOLIEH CETU, TPyOOl HETOYHOCTBIO B FOCTUPOBKE ONTUYECKUX IPH-
OOpOB, T.€. MOSIBJIAIOTCS TOT/AA, KOTJAAa HAapylIalOTCs YCJIOBHS, B KOTOPBIX JOJKEH
MPOBOAUTHCS (PU3NYECKUI OMBIT. B 3TOM ciyyae pe3yabTaT O4eHb CHIIbHO OTIHYaeT-
Csl OT MPEABIAYIINX WIHN MOCIAEAYIOMNX U3MepeHnuid. [10CKoNbKy NpUYMHON BO3HUK-
HOBEHHSI TPYOBbIX OIIMOOK SBIISETCS, B KOHEUHOM CYETE, HEBHUMATEIbHOCTh WM He-
KOMIIETEHTHOCTh HCCIIEIOBaTelNsA, Mbl HE OyaeM ux oOCyXJaTh, Mojiaras, uTo 3Ta
MPUYMHA OTCYTCTBYET B HAIIUX YUEOHBIX SKCIIEPUMEHTAX.

Oco0OEHHOCTh CHCTEMATHYECKUX NOTPEIHOCTEH COCTOUT B TOM, YTO UX BEJIU-
YMHA OCTAETCS MOCTOSHHOM MJIM 3aKOHOMEPHO U3MEHSETCS IPU MOBTOPHBIX MU3MEpe-
HUSX OJHOU U TOM € BEJIMYMHBI B OJUHAKOBBIX YCIOBHIX. DTU OLIMUOKU MOTYT OBITH
M3-3a TEIJIOBOTO PACIIUPEHHUs (CKATUS) U3MEPHUTENBHBIX PUOOPOB U UX OTIEIbHBIX
neranedl (MMHeNKa, MasTHUK 4acoB M T.J.), IPU CMEIIEHUM Hayaja OTCYETa, MpH
B3BCLIMBAaHUH B BO3JyX€, €CIM HE YUYUTHIBaThb CWy ApxuMena, ACHCTBYIOUIYIO Ha
pa3HOBEC U TeJO. 3HAas O CUCTEMATHUECKUX IMOTPEIIHOCTSIX, UCCIEeN0BaTeNb JINOO
BBOJUT IMOMNPAaBKU B pE3yJIbTaThl HU3MEPEHUN (UTO MOPOH SBISAETCA JOCTATOYHO
CJIOKHOM 3ajaueil u TpeOyeT BhICOKOW KBalmu(pUKanuu), TUO0 mepecMaTpUBAaET BCIO
METOAMKY SKCIIEPUMEHTA U UCKIIOYAET MPUYNHBI MOSBICHUS 3TUX OLINOOK.

HNucTpymMeHTaJbHAA (WM NPUOOPHAS) MOTPEIIHOCTh U3MEPEHMSI, SBIISIOIIASICS
CJIEICTBEM HECOBEPUIEHCTBA CPEJICTB MU3MEPEHHUSI, Yallle BCEro o0ycioBieHa (ompe-
JENsIeTCs]) CUCTEMaTHYEeCKUMU MOTPEIIHOCTAMU. DTy MOTPEUIHOCTh MOYKHO YMEHb-
LIUTh MYTEM HUCTIOIB30BaHUs 00JIee TOUHBIX MPUOOPOB.

Ecnu mpoayMaHHBIN SKCIEPUMEHT MOCTABJIEH TaKUM 00pa3oM, YTO HCKIIIOYAeT
rpyOble poMaxH, a BIMSIHUE CHCTEMAaTHYECKUX OLUIMOOK CBEIEHO K MUHHUMYMY, TO
MOTPEIIHOCTH U3MEPEHUN CKIaAbIBAIOTCS U3 CJAYYANHbIX 0IIMO0K. bosbiioe yncio
Pa3IMYHBIX MPUYUH MOXET JEHCTBOBATH OJHOBPEMEHHO IPU Ka)XJIOM OTIAEIbHOM
U3MEpPEHUH, MpUYeM AEeMCTBOBATh 3apaHee HEW3BECTHbIM oOpazom. Iloatomy ciy-
YaiiHple OIMMOKM (B OTJIMYME OT CHUCTEMATHYECKHUX) MPECTaBISIOT COO0M 3HaKOIe-
pemMeHHble BenuuMHbL. [Ipu ciydaliHbIX ommOKax caM pe3yjbTaT TakkKe SBISETCS
CIIy4ailHbIM, HO IMEHHO UM OLICHMBAETCS UCTUHHOE 3HAUYECHHUE M3MEPSIEMOU BeJINYu-
HBI.

3.3. Cryuaiinble IOTPEIHOCTH W Pe3yJIbTAT U3MeEpPeHus:

Wtak, mpu 11000M TIIATEIIBHOM U3MEPEHUU PE3yJbTaThl OyIyT COACPKATh CITy-
YalHbIC MOTPEIIHOCTH, YCTPAHUTHh KOTOPBIE MOJHOCTBHIO HENB3s, 4 MO3TOMY HEBO3-
MOYXHO HaWTHU aOCOJIOTHO TOYHOE 3HAYeHUE U3MepsieMoi BeauduHbl. Clie10BaTelb-
HO, CJIy4YaiiHbl€ MOTPEIIHOCTH U3MEPEHUN U CaAMU PE3YJIbTAThl U3MEPEHUN SIBIISIOTCS
CIIy4yalHbIMHM BEJTUYUHAMHU (COOBITUSMH) U TOJUUHSIIOTCS ONpEeNeIEHHBIM CTaTUCTH-
YECKUM 3aKOHOMEPHOCTSIM, KOTOPBIE U3YUYAIOTCS MAaTEMATUYECKON TEOpHUEN MOTpenl-
Hoctel. [IpuBeném 6e3 qokazaTebCTBA HEKOTOPHIE BHIBOJIBI ATOM TECOPHHU.
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JlormyctuM, 4TO AJi1 HEKOTOPOW (PM3MUYECKON BEIUYMHBI, UMEIOIIEH HCTUHHOE
3Ha4YeHHE X, B pe3yJbTaTe NOBTOPHBIX MJICHTUYHBIX ONBITOB IIOJYy4eHO N HE3aBU-
CUMBIX PE3YyJbTaTOB U3MEPEHUMN: X1, Xp,..., Xn. 1OI/Ia B KaUeCTBE HAMJIy4LIero (Hau-
0ojiee BEpOATHOIO) 3HAYEHUSI HM3MEPSEMOM BEIUYMHBI CIENYET B3STh HUX CpEIHEe
apugmeTrueckoe, o003HayaeMoe X WIH (X):

AN
x_niz_lzxi. (3)

Wrak, He 3Has TOYHOrO 3HaueHHsd X U3MepAEMON BEJIWYUHBI, Mbl IPUHUMAEM
cpenHeapru(pMeTHYecKoe eIMHUYHBIX U3MEPEHUH X 3a HCTUHHOE 3HAY€HUE, T.€. IO-
Jaraem:

X~ X,
IIPU 3TOM, €CTECTBEHHO, Mbl IMEEM HEKOTOPYIO OLIMOKY — 3TO U €CTh CiIy4ailHas Io-
IPEIIHOCT.

JUist HaxoxAeHUS (BBIYMCIEHUS) CIy4YalHOM MOTPENIHOCTH BBOJST CHEIUAJIb-
HbIII BCIIOMOTraTelIbHBIM IMapaMeTp, Ha3bIBAEMbI CpeJHEeKBaApaTH4ecKOn (Miu
CTAHJAAPTHOMH) MOTPEeMIHOCTbI0 (VI OTKJIOHEHHEM) CPEIHEro apu(pMETHICCKOTO
3HAYCHU:

(4)

Teopust maét Takoi pe3yabTaT: mpu 00abmux N ( T.e. mpu N > 10) B HHTEpBaI
X -0, <X<X+o0,
BeJIMYMHA X nONajeT ¢ BeposATHOCThIO P = 0,68, T.e. umeercs 68 mancos u3 100 3a
TO, YTO HAWJICHHBI HAMH PE3yJIbTaT U3MEPEHUS X OTKIOHUTCS OT HCTHHHOTO 3Ha-
yeHuss X He Oojee 4yeM Ha G, , 32 IIaHca 3a TO, 4TO OTKJIOHEHHE OyneT OoJbLIe.

Ecin 5TOT MHTEpBAIl paCIMPUTh, HAIPUMED, B35IB BMECTO G, 3HAa4eHHE 2G,, TO

Han&KHOCTH Bo3pactér mo P = 0,95.
Takum 00pa3om, JJIsl MOJHOTHI OMUCAHUS CITyYaHOM MOTPEIIHOCTH HEOOXOAu-
MO yKa3blBaTh BEPOATHOCTh P TmomajaHus pe3yjpbrata X B HHTEpBaJ JH000H 3a-
JAHHOW BEJIMUYMHBI 2AX!
X —AX<X <X +AX, (5)
rae Ax ynoOGHO BeIpakaTh uepe3 G, U HEKOTOpbIH MHOXHUTENb t. AX=tGC, .

HNurtepBan 2Ax, B KOTOPOM C 3aJJaHHOW BEPOSITHOCTBIO P HAXOOUTCA UCTUHHOE
3HAUYECHHUE U3MEPSIEMON BEIMYMHBI, HA3bIBAECTCA J0BEPHUTEJIbHBIM MHTEPBAJIOM (TO-
raa Ax — JOBEpUTENBHBIN MOJIYUHTEPBAT), COOTBETCTBYIOIIAsA BEPOSITHOCTh P — J10-
BepPHUTEJIbHON BEPOSITHOCTBIO (HaIEKHOCTHIO) ATOTO MHTEPBAJIA.

HepaBeHcTBO (5) MOXKHO MPEACTaBUTH B APYTOM BHJIE:

X —AX< X <X+ AX.
DTO BBIpAXKEHUE MPUHSTO 3aMMCHIBATH B TAK HA3bIBAEMOI1 CTaHAAPTHOM dopme:
X=X+AX, P=.., (6)
T.€. MIOJIyYMB B PE3YyJIbTATE U3MEPEHUs 3HAYEHUE X, MOXKHO YTBEP)KIATh, YTO HUCKO-
MO€ 3HAUEHHE BEJIMYMHBI X HaXOoJauTcs B MHTEpBasie OT X— Ax g0 X+ Ax ¢ Bepo-
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ATHOCTBIO (HAJEXKHOCTHIO) P, pu 3TOM BeIMYMHY AX Ha3bIBalOT MOTPEIIHOCTHIO
pe3yJbTaTa H3MepPeHHuii (B JaHHOM CIydac — CIIy4alHOH MOrPEIIHOCTHIO).

ScHo, uTo BenmuunHa Ax JI0JDKHA BO3pacTarh MPU Bo3pacTaHUU P W yMeHb-
IIEHUW N, CJIeAOBaTEIbHO, TOJDKEH MEHSAThCS (Bo3pacTtaTh) KoddduinueHt t. Takum
obpazom, kodpdunueHT t 3aBUCHUT OT ABYX mapaMeTpoB P M N, ero Ha3bIBAIOT KO-
s unmentom CthiofenTa tp,, 3HaueHUs Kodhduirenta tp, MpUBEACHBI B TAOIHIIE
HKe. Toraa norpemHocTh Ax B COOTHOIICHHUH (6) y100HO IPEACTABUTh B BUJIC:

3 (x - %)’

_ _ i1
AX=t, oy =1, S (7)
N 3nauenue kodpduimenta tp,
P=0,7 P=0,8 P=0,9 P=0,95 P=0,99 P=0,999
2 2,0 3,08 6,31 12,71 63,66 636,6
3 1,39 1,89 2,92 4,30 9,92 31,6
4 1,25 1,64 2,35 3,18 5,84 12,9
5 1,19 1,53 2,13 2,78 4,60 8,61
6 1,16 1,48 2,02 2,57 4,03 6,86
7 1,13 1,44 1,94 2,45 3,71 5,96
8 1,12 1,42 1,90 2,37 3,50 5,40
9 1,11 1,40 1,86 2,31 3,36 5,04
10 1,10 1,38 1,83 2,26 3,25 4,78
11 1,09 1,37 1,81 2,23 3,17 4,59
20 1,07 1,33 1,73 2,09 2,86 3,88
120 1,04 1,29 1,65 1,98 2,62 3,37
© 1,04 1,28 1,64 1.96 2,58 3,29

CkazaHHOE BbILIE CHPABEAIMBO, €CIM NPHOOPHAs CTaHJAPTHAs MOTPEIIHOCTh
Onp MaJla [0 CPaBHEHMIO CO ClIydailHOH G, (JocTatouHo 36y, < o, ). Ecau ke 310

YCJIOBUE HE BBINOIHAETCA (T.€. Oy, ~ G, HIH Gpp > G, ), TO CyMMapHYyIO CTaHAAPT-
HYIO IIOIPEIHOCTE PE3YAbTaTa U3MEPEHUN Gx CIENYET BBIYMCIATE C YYIETOM Opp.

2 2
oy =(0,)* +(5,,)° - (8)
T.€. IOIPEIIHOCTb U3MepeHnss Axy = tp Oy HE MOKET OBITh MEHbBILE IPHOOPHOMN Axpy,.
3a npuOOPHYI0 CTAHAAPTHYIO MOTPELIHOCTH MOKHO MPUHSATH BEJTUYUHY:

G, =0,33d? +h?, 9)

rae d — 1ieHa geneHus mKaiabl npubopa (omubOka otcuéra), h — mpeaenbHas npu-
OOopHas MOTPENTHOCTh, YKa3bIBaeMas B aclopTe Mpruoopa (OrmodKa moKa3aHusl).

3.4. I'padnueckuii MmeToa 00padOTKHU Pe3yabTATOB U3MEPEHUI

YacTo B 9KCIIEPUMEHTAIBHBIX UCCIICIOBAHIMIX HEOOXOANMO H3YYHTh SMITUpUYE-
CKYIO0 JTHHEHHYIO 3aBUCHMMOCTh JIBYX BEIMYMH )y M X. Takyr 3aBHCHMOCTH MOKHO
IPEICTaBUTh B BUJIE:

y=ax+b (um y=ax nupu b=0). (20)
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B sToM ciydae B 3KCHepHMEHTE U3MepstoTcs BeauauHbl Y (Y1, Ya,..., Yn) IIpH
pa3IMYHBIX 3HAUCHUSIX X (X1, Xp,..., Xn), TEM CaAMbIM IOJY4YacTCS MACCUB JTAaHHBIX M3
N map uucen (x;j, Yi), KOTOPBIM HaHOCUTCA Ha TIockocTh xQY, mociie 4ero cTpouTes
rpaduK JMHEHHON 3aBUCUMOCTH M HAXOMUTCS KOA(PGUIMEHT a HakiIoHa (YyrjaoBoii
K03 dunment) npsimort U kodhdunmeHnt b — koopauHaTa mepecevyeHuss MPSIMOM ¢
OCBI0 OpJMHAT (OCBIO ¥). 3aTeM MOYKHO HAWTH CTaHIAPTHBIC MOTPEIIHOCTH Gy U O,
a JjaJiee 10 HUM U TOTPEIIHOCTH Onpe/esieHus] KodppuiueHToB a u b, T.e. Aa u
Ab, oHaKO 3TO TOCTATOYHO TPYMOEMKAS OTICPAITHSL.

CymiecTByeT ¥ aHAIUTUYECKUI MeTO (T.€. 6€3 pydyHOro MOCTpOeHUs rpaduka u
ero oopaboTkm) onpeneiacHus kodhduimeHToB @ U b (wmm Toapko @, Korga mps-
Masi POXOMT Yepe3 Havajao KOOpauHat, T.e. b = 0) U uX CTaHJapTHBIX MOTPEIIHO-
CTe G, W Op, 3TO — TaK Ha3bIBacMbIii MeTOA HamMeHbIIUX kBaapaTtoB (MHK).
CooTtBeTcTBYyIOIIME pacuE€THbIE (DOPMYJIIBI AaHbl B MPHIOKEHUU (a TakKe MpeAcTaB-
JIEHBI Ha CTeH/Ie B Jabopatopuu Kadeapsl GU3UKH).

[Ipu mpoBeneHUM pacuy€ToB MOXKHO HMCHOJIb30BaTh MPOTPAMMHOE OOECIeueHUe
1abopaTopHOro Kommptotepa. Jljig 3Toro Heo6X0AUMO BOMTH B AupekToputo «O0pa-
00Tka pe3ynbratoB JIPy», pacnonoxeHHy0 Ha pabodyeM CTOJIe KOMIBIOTEPA, OTKPHIThH
daitn «Pacuér y = ax + b MHK» ninn «Pacuér y = ax MHK» u BBecTH noJTy4eHHBIC
B DKCIIEPUMEHTE JlaHHbIe. B 3TOM ke aupekTopuu ecth haili, pean3yroui BEIYKC-
JIEHUE CTaHJAPTHOM MOTIPEIIHOCTU G, (B COOTBETCTBHM C COOTHOILIEHUEM (4)).

3.5. O0paboTKa pe3yIbTATOB KOCBEHHbIX H3MepeHU

[Tycth onpenensemas BenmuurHa Q — u3BecTHas QYHKIHS HECKOJIbKHUX (pHU3MUe-
CKUX BeluuuH X, Y, ... (Q =f(X, Y, ...)), KoTOpbIe MOTYT OBITh, HAIPUMEDP, U3MEPEHBI
OPSIMBIM METOJOM WJIM HaWJCHBI KaKUM-JIHO0O ApyruM criocobom. Torma pesynbrar
KOCBEHHOT'O M3MEPEHHUS MOKHO PaCcCUUTATh 10 hopmyrie:

Q=1(xy,...). (11)

[Tpu ycimoBum, 4T0 apryMeHTBI X, Y, ... MOKHO CUUTATh HE3aBHCHUMBIMH CITy-
JaHBIMU BEJIMYUHAMH, ITOTPEITHOCTH 3TOTO SAMHUIHOTO U3MEPEHUS paBHA:

2 2
AQ = (@ij + gAy + ey (12)
OX oy
rae Ax, Ay, ... — NOTPENIHOCTH BEJIUYMH X, Y, ..., a Of /X, of /oy, ... — yacTHBIE

npousBoaubie pynkmuu Q = f(X, y, ...).
[TprMEeHHUTETBHO K BAYKHOMY YaCTHOMY CJIy4aro, KOoraa
Q = Ax"y"™, (11a)
rae A — KOHCTaHTa, @ N U M — IeHCTBUTEIbHBIC YKciaa (MOTYT OBITh OTPHUIIATENb-
HBIMH WJIA JPOOHBIMK), (OpMyJa s BBIYUCICHHS OTHOCHUTEIBHOW MOTPEHIHOCTH
BBITJISIIAT TaK:

2 2
8Q=yn® 3x *+m’ dy . (12a)
TUnUIHBIM MPUMEPOM KOCBEHHBIX M3MEPEHUH SBIISICTCS OINpeaeiieHne (BBIYKC-
JIEHUE) 110 MPEeIBAPUTEIILHO HaICHHBIM KOd(DduilneHTam JTuHEeHHON 3aBUCUMOCTU @
U b apyrux GU3HUeCKHUX BEJIMYUH (CM. pa3jien 4 OnmucaHus).
8



3.6. [IpaBujia okpyrJjieHusi pe3yJbTaTOB U3MepPeHUid

[MorpemuocTs m3Mepennii Ax (wmun AQ, uimm Axs) cama OnpeesieTcs: C HeKo-
TOPOM OIMOKOW. DTa «IOTPEUIHOCTh MOIPEIIHOCTH» TaKOBa, YTO B OKOHYATEIbHOM
pe3ynbTaTe MOTPEUIHOCTh MPUBOAAT ¢ OAHOM MJIM JBYMS 3HaYamuMu nudpamm,
IIPU 3TOM OKPYIJIEHUE MPOU3BOJAT, KAK MPABUIIO, B OOJBIIYIO CTOPOHY.

Pesynbrar usmepenuss X (wim Q) OKpyIJISIOT Tak, 4TOOBI €ro MOCIEAHUN pa3-
psII COBIAIAI C MOCIeTHUM paspsiaom yncina Ax (mmn AQ, mmm Axs).

Bce okpyrineHus npousBOIAT Ha MOCJeAHEM 3Tame oOpabOTKU pe3yslbTaToB
U3MEPEHU, T.€. IEpel 3alMUChI0 PE3yJIbTaTa U3MEPEHNU B CTaHAApTHOU (opMe.

OTHOCHUTENIBHYIO NOTPEIIHOCTD NPUBOIAT C ABYMS WJIM TPEMs 3HAKaMM I1OCIIE
3aI4ToH, a B IPOLEHTaX — B LIEJIBIX YACIAX WIM C OJTHUM 3HAKOM IOCIIE 3alsTOM.

4. MemoOduka npoeedeHuUsi IKCrepuMeHma u ornucaHue ycmaHo8KuU

MaremMaTH4eCKUM MasiTHUKOM Ha3bIBalOT HAXOJAIIYIOCS B OJHOPOJHOM IIOJIE
TSDKECTH CUCTEMY, BKJIIOUAIOUIYI0 MaTepUaNIbHYI0 TOUYKY Ha KOHIIE HEBECOMOM, He-
PaCTSKMMOUM HUTH, IPYTOi KOHEI KOTOPOM 3akperui€éH (puc. 1).

277 N3BecTHO BRIpaKEHME JIs EPUOJIa MAJIbIX KoieObanuit 7-

AN L
/ \
lg’ ’ \ T = 27[ — (13)’
/ \
S g
/ \ rae L — anmuHa HUTH, § — yCKOpeHue CBOOOJHOro majaeHus. 13-
< » MEHEHHeM JUIMHbI HUTH L MoxxkHo mensats nepuon 7. CooTHo-

Puc. 1. meHue (13) MOXHO MpeACTaBUTh B IBYX BapUAHTAX 3aIHCH:
_ AL
T2
2 2
T? :4LL:aL, riue a:4l
g g

B cooTBeTcTBHU € 3TUM B paboTe UCTIOJIB3YIOTCS ABA TOAXO0/1A JIJISl OTIPECICHUS
YCKOpPEHHS CBOOOIHOTO MaCHUS.

1) U3mepuB nnuny Hutu L u mepuon konebanuit 7, MOKHO HAUTH YCKOPEHHE
g (ucnosb3yem cooTHomeHue (13a)).

2) Ilo uamepennsiM BemuurHaM L u 7' MOXKHO MOCTPOMTH rpaduK 3aBHCHMO-
ctu T° or L (mpsmasi, mpoxosiias depes Hadauo KOOPAMHAT), HAiTH KoddHIH-
€HT a HaKJIOHA MPSAMOM, IO @ BBIUUCIUTH ( (Wcmoib3yeM cooTHomeHue (130)).

B 000ux ciiydasix Mbl OCYILIECTBIISIEM KOCBEHHBIE U3MEPEHHUS [, UCIIOJIb3YS pe-
3yJbTaThl NPAMBIX M3MepeHud L u 7. B 3aBUcHMOCTH OT KoMuecTBa N MPOBEAEH-
HBIX 3aMEPOB U3MEHSETCSl TOYHOCTh Pe3yJbTaTa U3MEPEHUN (UM BEIUYMHA MTOTPEIll-
HOCTH), & TAaK’K€ U TOJIXOJI K OINPEAEIICHUIO MOTPEIIHOCTH.

DKcnepruMeHTalIbHAsl YCTaHOBKA, MCIOJb3yemasi B paboTe, MpeaeiabHO MpoCTa.
Omna BKJIIOUYaEeT B ce0s Tpy3 Maioro pazMepa (IIapvK) Ha TOHKOW HUTH, BEPXHUU KO-
HEll KOTOPO HEMOABUXEH (3aKpervi€éH Ha mratuse). [Ipu oTKIOHEeHUH rpy3a OT Ho-
JIO’KEHUSI PAaBHOBECHSI MOTYT OCYIIECTBIIATHCS MaJible KojiebaHusi masiTHuKa (puc. 1).
Kpome Toro, He0OX0AUMBI MEPUTETHLHBIE HHCTPYMEHTHI — CEKYHJIOMED 1 JIMHEHKA.

9
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5. lMopsiook ebinosiHeHUs1 pabomabi

5.1. [TpoGHmIit 3xcriepuMeHT (OTbIT Nel)

5.1.1. Ilocne nony4yeHus OT MpenoaBaress JonycKa K padoTe — MOArOTOBUTHCS
K IIPOBEJICHUIO U3MEPEHUH, MOTYYUTh CEKYHOMED, YCTAHOBUTH JUIMHY MasTHUKA Lo
B COOTBETCTBUU C TaOJIMIIeH BapHAHTOB.

TaGnuia BapuaHToOB

Opurana 1 Opurana 2 Opurana 3 bpurana 4
Lo, cMm 32 35 33 35
Ly, cMm 18 20 18 20
AL, cMm 6 5 5 6

5.1.2. OTKJIOHUTH TPy3 OT MOJOKEHUSI pPaBHOBECHUSI Ha HEOOMbIION yroma (~10°),
OTIIyCTUTb €0, IPUBOJS TEM CaMbIM I'Py3 B COCTOSIHUE TAPMOHUYECKUX KOJICOAHUH.

5.1.3. B MOMEHT npoX0XkKIEHUSI TPY30M MOJOKEHUSI MaKCUMAJIbHOTO OTKJIOHE-
HUSl OT PaBHOBECHUS BKIIIOUUThH CEKYHJIOMEp M, oTcuuTaB 20 MOJIHBIX KosieOaHuil, 3a-
¢ukcupoBaTh oKa3zaHue ceKyHaoMepa. Pe3ynbrar usmepenus BpeMenu t 3amnucartb
B Tabmuiy 1.

5.1.4. Haiitu nepuiox komneGanuit 7= t/20 u T7, a 3ateM no dhopmyse (13a) BbI-
YUCIUTh YCKOPEHHE CBOOOJHOTO MaJieHus §, pe3ysibTaThl 3anucarh B Taduuiy 1.

5.1.5. HaiiTu OTHOCUTENBHYIO MOTPEHIHOCTh OJ MPOBEACHHOIO KOCBEHHOI'O
U3MEpeHUsl {, BOCIOIB30BaBIIUCEH (popmyioii (12a) aist Hamero ciydvast:

8g=y/4 oT “+ oL °,
raie 01 u OL — oTHOcUTENbHBIEC MOTPEIIHOCTU U3MepeHus | u L, KoTopsie Halo
OILICHUTH CAMOCTOSATEIHHO (OTHOIIECHUE MPEIIToJIaracMoi abCOIOTHOM MOrPEeIIHOCTH
K U3MEpEHHOM BennunHe). Bennununy 8¢ 3amucarh B Tadymiry 1.

5.1.6. Haiitn npuOOpHBIE CTaHAAPTHBIE OTPEIMHOCTH Opp M Oppr (BOCIIOIB-
30BaBIIUCH (hopmynoi (9)). [Janee, npunsas ansd oneHkd ALy, = 6y B ATy, = Gppery
HAWTH OTHOCHUTENBHBIE TPUOOPHBIE MOrpemHocT dly, m 8T, u cpaBHHUT X C OL
u OT, mociie 4ero cjaenaTh BBIBOJ O IE1ecCO00pa3HOCTH yuéTa MPUOOPHBIX MOTpel-
HOCTEHN.

5.1.7. BeluucauTh CyMMapHYyIO TOTPENTHOCTh M3MEPEHHs (MONMYIITUPUHY JOBe-
PUTEIBHOTO MHTEPBAJIA) U TIOCIIC OKPYTJICHHUS 3allicaTh OTBET B CTaHIAPTHOU dopme
B Tabnuiry 1. Pe3ynbrarel mokazath mpenoaaBaTeio.

Buumanue: npoBeAeHO MO OJJHOMY U3MepeHuto BenmuuH L u 7, T.e. OTCyTCT-
ByeT MH(pOpManus 00 HUX CIyYalHBIX TMOTPEIIHOCTSAX, UMEHHO TO3TOMY [IJIs
OIICHKU TOTPEITHOCTH 0F Tpedyercst AOMONMHUTENbHAas uHbopmarus (0 mo-
rpemHocTsax 07 u OL).

5.2. [loBTOpenue nmpodHoro 3KkcrnepuMeHTa (onbIT No2)

5.2.1. TloBTOpUTH TIPOOHBIN HKCIEPUMEHT 6 pa3, COrNIacHO MyHKTaMm 5.1.2. u
5.1.3., mpu 3ToMm Bennuuny L =Ly ycraHoBuTh ouH pa3 Ha Bce 6 u3MepeHuil. 3anu-
caTh pe3yJbTaThl B TAOIHUILY 2.
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5.3. UccnenoBanue koiaebanuii mpyu HEU3MEHHON JUTHHE HUTH (OTBIT No3)

5.3.1. IloBTOpUTH MPOOHBIN PKCHEPUMEHT 6 pa3, COrNacHO MyHKTaMm 5.1.2. u
5.1.3., opu 3TOM nepes KaxIabIM HOBBIM U3MEPEHUEM BPEMEHH HEOOXOJHMO 3aHOBO
YCTaHOBUTH JIMHY MasiTHUKA L = Lo, TO €cTh npeaBapuTeNbHO U3MEHHUTD ATy BEJU-
YUHY Ha JPYyroe MpoU3BOJIbHOE 3HAYEHUE, a 3aT€M BHOBb YCTaHOBHUTH Lo. 3ammcarsb
pe3ynbTaThl B TAOHITY 3.

5.4. ViccnenoBanue KojaeOaHuil Mpyu U3MEHEHUH ATUHBI HUTH (ONBIT Nod)

5.4.1. YcraHOBUTh HAaYaJbHYIO JUIMHY HATU MasTHUKa Lj;. AHamormyHo myHK-
tam 5.1.2. u 5.1.3. npoBectu uzMmepenus: Bpemenu 20 mnepuojoB KojedaHuit 6 pas,
KK pa3 yBeJIMUMBas JAJTUHY MasTHUKA Ha BeNMWYMHY AL B COOTBETCTBUU C Tald-
nunel BapuaHToB. Pe3ynbrarsl 3anucarh B Tabnuiy 4.

6. O6pabomka pe3ysibmamoe usmepeHuli u oghopmrieHue omyema
6.1. ITo . 5.1. 06paboTKa HE TPOU3BOAUTCS.

6.2. OnpeneneHre g ¢ ucnoib3oBaHueM GopmyJbl (13a) (ombiT Ne2)

6.2.1. ITo nanHbIM TaOMIBl 2 paccunTarh BenuunHbl 7T; = ti/20 u pe3ynbTaThl
3anucaTh B TaOIUILY 2.

6.2.2. Haiitu cpenHee apudmMeTHdeckoe nepuona konebaruii T (popmymna (3)),
passoctu AT, =T, —T , a 3aTeM paccuuTaTh CTAHAAPTHYIO TIOTPEITHOCTh CPEIHETO

apudmeTnyeckoro 6 (popmyna (4)):

T-1yT,

N

OTH pacu€Thl MOXKHO ITPOBECTH C HUCIIOIB30BAaHUEM MPOTrPAMMHOI0 00ECTICUCHUS
nabopatopHoro kommbioTepa (nupektopusi «O0paboTka pe3ynbTaToB JIP» Ha pabdo-
yeM crose). PesynbTaThl 3anucaTth B TaOIUILy 2.

6.2.3. PaccuntaTh NOrpeiHOCTh (AOBEPUTENBHBIN oayuHTepBain) AT ompese-
nenus T IS IOBEPUTENbHOI BeposTHocTH P = 0,68, ucrons3ysa Gopmymny (7) (Gepst
ko3 dunmeHT CThI0ACHTa U3 TaOIUIBI KO3PPHUIIMEHTOB 1p ), 1 OTHOCUTEIILHYO O~
IpemHocTh 07

AT =t o- ST =AT/T.

Pn~T11
Pe3ynbratel 3anucarh B Ta0nuily 2.
6.2.4. Tlo 3Hauennsam T u Lo, ncrons3sys gopmyay (13a), BBIYHUCIHTD YCKOpe-
HUE CBOOOJIHOTO MaJieHusl {, pe3yibTaT 3anmucarh B TaOIuILy 2.
6.2.5. BBIYMCIUTh OTHOCUTEIBHYIO MOTPEIIHOCTh 0F oOmnpeneneHus (, MpUHSAB
JUIS OTHOCUTENIBLHOM morpentHocTy oL BwrIOpaHHOE paHee (B 1. 5.1.5) 3HaueHue:

8g =14 oT “+ oL °.
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6.2.6. BoruncnuTh a0COMOTHYIO MOTPEIHOCT A(Q (TMOMYyIMIMPUHY JOBEPUTEINb-
HOTO MHTEpBajia) U3MEPEHUSI U TOCJIE OKPYIJICHUS 3alKcaTh OTBET B CTaHIApTHOMN
dbopme B TabuIy 2.

Brumanue: npoBeneHO JUIIL OJHO U3MEpeHHe BenuuuHbl L (1 N = 6 uzme-
pernit 7), T.e. OTCYTCTBYyeT MH(pOpMALMA O CIy4alHBIX MOrpemrHocTsax L,
MMEHHO TIO3TOMY JUISl OLIEHKH TOTPEIIHOCTH O8F TpeOyeTcs JOMONHUTEIbHAS
uHpopmanus (0 morpemHocTr OL).

6.3. Onpenenenue g c ucnonb3oBanueM dopmyis (13a) (ombrT Ne3)

6.3.1. ITo garHBIM TabymMIEl 3 paccuuTarh Benmmauubl 1 = /20, T2 u g, (mo
dbopmyite (13a)). PesynbTaThl pacu€ToB 3anucaTh B TaOIUILy 3.

6.3.2. Hailitu cpennee apudmeTudyeckoe YCKOpPEHHs CBOOOJHOTO majeHus J
(popmymna (3)), pazHoctn  Ag, =0, —J, a 3aTeM paccUuTaTh CTAHAAPTHYIO IOTpPEIl-
HOCTb CPEIHETO apu(pMeTHIECKOTO G (hopmyia (4)):

1
g_ﬁiz_llgi’

OTH pacdy€Thl MOXKHO MTPOBECTH C UCTIOIB30BAHUEM MPOTPAMMHOI0 00ECTICUCHHUSI
nabopaTopHoro kommbioTepa (aupekropusi «O6padoTka pesyibraToB JIP» Ha pabo-
yeMm cTojie). Pe3ynbrathl 3anucarh B Ta0IMILy 3.

6.3.3. PaccuuTaTts morpemHocty (AOBEpUTEIbHBIC MOJTYUHTEpPBabl) AQ ormpe-
JeNneHusl § NI IBYX 3HAYCHUWH goBeputenbHoi BepostHoctn P = 0,68 u P = 0,95,
ucnoib3ys popmyiy (7) (0eps kodpdurmentsr CThIOACHTA U3 TAOIUIBI KOIPPHUITH-
eHTOB tpy):

Ag =1, ,0;.

6.3.4. Ilocie okpyriieHus 3anmucath pe3yabTaThl pacueTa B Ta0iuIly 3 B CTaH-
napTHo# dopme.

Buumanue: nposeaeHo N =6 usmepenuit L u T, T.e. umeercs uHpopmMaius
0 CcIydalHbIX morpemHocTsiXx L u 7T, modToMy Juisl OLIEHKH MOTPEIIHOCTH 0J
He TpeOyeTcst MOMONHUTEIbHOW uH(popManuu (o morpemHoctsax oL u  87);
371eCh BCE PacUYEThl MOKHO OBLIO MTPOBECTH aHAJIOTUYHO 1. 6.2., OTIIMYUE B TOM,
YTO BBIMIOJHSCTCS paBeHCTBO 0g = 207 (morperrHocth oL yurena B 67).

6.4. OnpenencHue g ¢ UCTONb30BaHUuEeM 3aBUCUMOCTH (1306) (ombIT Ned)

6.4.1. Ilo ganubM TabauIE! 4 paccunTaTh BeMUuuHbl 1; = ti/20 u T2, Pe3yib-
TaThI 3aMKCcaTh B Ta0HIy 4.

6.4.2. B xoopaunatax L — T, BbIOpaB yqoOHBIH MacmiTal, HAHECTH SKCIIEPH-
MeHTalbHbIe TOUKH (L, TiZ). MakcuMalIbHO OJTM3KO K TOYKAaM MPOBECTH Yepe3 Havajo
KOOPJIUHAT TIPSMYIO JTHHUIO T? = f(L), koTopyto cieayeT paccMaTpMBaTh Kak pe-
3yJIbTaT TPaQUIECKOr0 YCPEIHECHHS OMBITHRIX MaHHBIX. HaiiTn koadduiueHT nakio-
Ha @,y MOJIYYEHHOH HMpPAMOH (IIpUMEp ONPENCICHUS dpy, IPEICTABICH HA CTEHJE B
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nabopaTopun Kapeapsl GU3NKN), IPOM3BECTH PACYeT (, UCIONB3YS Qpyy; PE3YJIbTa-
THI 3aMMcaTh B TaOIUILy 4.

6.4.3. Haiitn k03(pPUIIMEHT HAKIIOHA @y ITOJIYYCHHOW MPSIMON U CTaHIApT-
HYI0 IIOTPEIIHOCTh €TO OIPENENEHUS G, , UCIOIb3Ys IPOrpaMMHOE 0OECIICYEHHUE JIa-

O6opaTopHoTO KOMIIBIOTEpa (MupekTopust «O0paboTka pesynbTaToB JIP» Ha pabouem
ctone, daitn «Pacuer y=ax MHK») u momaras Ti2 =Vi, Lj=X. IIpousBectu pacuer
g, UCTIONB3YS dyay; PE3YIABTATHI 3aITUCATh B TAOHITY 4.

6.4.4. HaiiTu morpeniHocTy (IoBepUTEIbHBIC MTOJYHHTEPBaibl) AQ onpeaeneHus
g JuIs IBYX 3Ha4YC€HHMM noBepuTeabHOr BepositHoctd P = 0,68 u P = 0,95 (Heo6xo-
JIMMO TIPEIBAPUTEIILHO HAMTH Ad, 3aTeM da, Jajee yuecTb, 4To 0F = da). Pe3ynbTa-
THI U3MEPEHUH TTOCJIE OKPYTJIEHUS 3amucaTh B Ta0IuIly 4 B cTaHAApPTHOM hopme.

Brumanue: nposeaeno N =6 usmepenuit L u 7, T.e. umeercs nundopmamms o
CIIy4ailHbIX morpemHocTsX L u 7, mo3ToMy JUIsl OLIEHKHM MOTPEIIHOCTH 0F HE
TpedyeTcs nonoaHuTeIpHOoN uHpopmanuu (o norpemHoctsix oL u 67), u BbI-
MOJIHSIETCS] PAaBEHCTBO:  0F = 0d.

[To pesynpTaTam pabOTHI cliejaiiTe BHIBOABI, B TOM YHUCIIE:
1) 0 paznmuuuy B 3HAYEHUSX MOTPEITHOCTEN B TabmuIe 3,
2) 0 pa3IUuMy B 3HAYCHHSIX TIOTPEIIHOCTEH B TabuIe 4,
3) o pa3nuuuu B 3HaUeHUsIX § B Tabnunax 1, 2, 3 u 4 1 UX NOTPEITHOCTEH.
4) ycpenHuTe pe3yabTaThl u3MepeHuid § ombIToB Ne2, No3 1 Ne4.

7. Bonpocbi 0nsi donycka Kk labopamopHol pabome

1. Uto Ha3bIBaeTCs aOCOJIFOTHOM, OTHOCUTEIIBHOM, CUCTEMATUUYECKOUN U CiTydai-
HOI MOrpeIHOCThIO (OIHUOKON) U3MEPEHU?

2. Yro Takoe cpegHEKBaJApaTUYECKas MOTPEUIHOCTh W CTaHAApTHAas MOTpell-
HOCTb pe3yJIbTaTa U3MEPEHU, JOBEPUTEIbHBI UHTEPBAJ U MOJIYUHTEPBAN, JOBEPH-
TeJIbHAsI BEPOSITHOCTh?

3. Kak HallTW ciay4dailHyl0 MOTPEIIHOCTh CPEAHEro 3HAYECHUSI U3 PE3YJIbTaTOB
M3MEPEHUI, TOBTOPEHHBIX N pa3z?

4. Yem OTIMYAIOTCS TIPOLIEAYPHl HAXOXKICHUS (BBIYMCIICHUS) CIy4ailHOW TO-
rpemHocTH pu 6odbioM (N > 10) u manom (N < 10) uncne uzmepenuit N?

5. Kak HaliTH NOrpemHoCcTh EAMHUYHOTO KOCBEHHOTO U3MEPEHUS?

6. [Ipu KakuX yClI0BHUSX peajbHbII MasiTHUK (Ipy3 MaJIbIX pa3MepOB Ha KECTKOU
HUTH) MPUOIMKEHHO MOYKHO CYMTATh MATEMATHUCCKUM MasTHUKOM?

7. OObSICHUTE CYyThb METOJIOB OIPEAENICHUS YCKOPEHUS CBOOOIHOrO MaJeHUS,
MIPUHATHIX B JJAHHOM J1abopaTopHOM padoTe.

8. Kak Haiith ko3pduuumeHt HakioHa (yrjaoBoll Kod((UIMEHT) JTUHEHHOU
¢dbyukiuu 1o eé rpadguky?

9. Kak u korna B CcyMMapHOW CTaHAAPTHOW MOTPEUIHOCTH pe3yJbTara u3Mepe-
HUW yYWUTHIBACTCA MHCTPYMEHTANIbHAS (TPUOOPHAs) CTaHAapTHAS TOTPEITHOCThH?

10. Kak omeHuTh MHCTPYMEHTANIbHYIO (MPUOOPHYI0) CTAaHAAPTHYIO MOTPEII-
HOCTb?
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11. B uém otnuune Gopmys i BBIYUCIECHUS MOTPEIIHOCTe Aa oIpeaeneHus
KO3 GHUIIUCHTOB HAKJIOHA MPSIMBIX JIJISA cliydaeB Yy =ax u Yy =ax + b?

12. [locne OKpyTJIeHUs 3aMUIINTE PE3YIbTAaT U3MEPEHHs B CTaHAAPTHOU hopme

X=...ft...., 06=...%:

x=2,7531, Ax=0,0317; x=2,7531, Ax=0,0917; x=2,7531, Ax=0,0552;

13. Ilo 3apannoit dynkuuu Q = f(X, y, Z) HaliaWTe MOTPENIHOCTH CAUHUIHOTO
KOCBEHHOT'O U3MEPEHUS:

Q=x-y+z; Q=x*+2y°-3z; Q=5xyz% Q=xy-—yz+zx

14. Tlo 3anannoit pynkumu Q = f(X, y, Z) HaliauTEe OTHOCHUTEIBEHYIO TOTPEIII-

HOCTb €JMHUYHOTO KOCBEHHOTO U3MEPEHHUS:

X\/E_ 23
—2, Q:7WZ.

15. lano: ciaydaifHas cTaHAapTHAs HOTPENIHOCTh G, , IieHa aeneHus d mpubopa

Q=5yz: Q=12

U ero mpenenbHas norpenrHocts h. HaiimuTe cymMMapHyr CTaHAApPTHYIO MOTpEII-
HOCTh Gy (BCE BEJIMYMHBI BBIPAXKECHBI B OJJHUX U TE€X XK€ eIUHUIIAX):
o,-11,d=10, h=01, o,=03, d=10, h=0,7, o,=0,1, d=10, h=0,7.
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Taomuma 1

Lo, M t, C T,C T, ¢° g, m/c” 8g, % Ag, m/c”
3T= %, oL= %, OT,= % OLy= %; g=( + )wm/?
Lo= M Taomuma 2
napaMmeTp i=1 2 3 4 5 6
ti, C
T, C
AT;, ¢
T= ¢ o= ¢ AT= ¢ 8T= ; 8L= ; g= wm/c% 8g= ;
Ag= wm/c% g=( =+ )wm/c?, P=0,68
Lo= M Tab6ania 3
napaMmeTp i=1 2 3 4 5 6
ti, C
Ti, C
T?Z c?
Oi, M/c?
Ag;, M/c?
g= wc, o,= w5 g=( + )wi’, P=0,68 g=( = )wm/c? P=095
Tabanma 4
napaMmerp i=1 2 3 4 5 6
Li,
ti, c
T, C
T?Z, c?
A= C/M; g= M/ Qan= C/M, o,= c/M g= M/’
Aa= ;da= ;Ag= M/’ P=0,68; Aa= ;da= ;Ag= w/c’ P=0,95
g=( + )wm/®, P=0,68; g=( + )wm/c? P=095
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lMpunoxeHue

1. Ecam no coBokymuocts N map gucen (Xi, i), i=1+n (T.e. M0 N To4kaMm Ha
wiockoctd X0Yy) TpedyeTcsi MOCTPOUTH MPOXOIAIIYIO Yepe3 Hayallo KOOPIUHAT Mpsi-
MyI0 Y =aX WIM He IPOXOJAIIYI0 Yepe3 HadaJo KOOpAWHAT IpsMyr Y =ax + D,
HaiiTH mapameTpbl @ (KO3 GUIMCHT HaKJIOHA MpsMOi) 1 b (kKoopauHaTa mepecede-
HUSL TIPSIMOM C OCBIO OPJMHAT), a TaKK€ M MOTPEIIHOCTH (OIIMOKH) OmpeneaeHHs
3THX TapaMeTpoB Aa u AD, To cieayeT UCIOJIE30BaTh COOTHOIICHHUS:

2
X: V- :
IIpsmas Yy = ax: azz—'g', Gy = i Z“y'z—a2 : Aa=tp,40,.
D% n-1{ 3%
X —X Y —
Ipsimast y = ax + b: a—Z : y'2 J , b=y-ax,
X — X
_ 2
- 1 Zy|—y2_a2 , G, =0, lzxiz’
n-—-2 z X —X n
Aa_J[Pn 204 Ab_J[Pn 20b
1 1
rme y=—»>Y, X=—)X
ac y I’]Zyl N i

2. ECJIH 110 HECKOIBKAM pe3ysbTaTaM U3MEpPEHUN OJTHOM U TOM ke PU3NUeCcKoil Be-
JMYMHBI X (BBIIOJIHEHHBIX B pa3HOE BpeMs, pa3HbIMH CIIOCOOaMU, pa3HbIMH JKCIIe-
PUMEHTATOpaMHM) TIPU OJIMHAKOBOW (HEM3MEHHOMW) JOBEPUTEITHLHOM BeposTHOCTU P

X £ Axy, k=1+m
Tpedyercss 00bEIUHUTH (T.€. YCPEAHUTh) HEPABHOTOUYHBIE pPE3YyJIbTaThl U3MEPEHUMN
(T.e. MOMYYHUTH PABEHCTBO X = Xy + AXs), TO CJIeAyeT UCIOJIh30BATh COOTHOIICHUS:

X 1 1 1 "
O LT e Zamy T Z(Axkfj |

[Ipy m=2 umeewm:

2 2
AX, AX; _ AXAX,
ol Az+x2 Al sz_—z = .
X, +AX; AX; +AX JAX +AX
B wactHOM ciyuae, Korma OIIMOKW PE3ysbTaTOB JIBYX M3MEPEHUN OJU3KHU 1O BEJH-
yrHE (T.€. IMEEM PaBHOTOUYHBIC U3MepeHusT Ax; = Ax, = Ax):
+ X +Ax, 1 AX

T2 2 2 2

Xy =%

3. B HayuHOIi JTHTEpAType 4acTO B PE3YIbTATAX M3MEPCHUI OrPaHHYMBAIOTCS MH-
dbopmariieit 0 BeIMYMHE CTAaHAAPTHOUW MOTPENTHOCTH O, B TexHuKe 0OBIYHO yKa3bl-
BAIOT MOTPEIIHOCTh pe3yiibTata uamMepenuit Ax npu P = 0,95 wnu BbIe.

16



